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THE LATE COMPONENTS CHANGE OF THE EVOKED 
POTENTIALS AND PASSIVE, ACTIVE ATTENTION. 
By 
NORIAKI S H I G A (;~~~gJn 
(Iwate Medical Oollege, Morioka) 
The effect of passive and active attention on the late components of evoked 
potentials was studied. 
As the result, it was found that the passive attention and the active one 
influence the amplitude and latency of N2-P3 components. Passive attention 
elicited smaller N2-P3 amplitude and shorter latency of P3 component. Active 
attention elicited the larger N2-P3 amplitude and longer latency P3 component. 
But these latencies were too long to attribute the change of these components to 
attentional process itself. So the effects of arousal change which coincides with the 
attentional process and its reactive change were supposed. 
INTRODUCTION 
There are many notions about attention, yet when one considers the relation 
between attention and physiological indexes such as electroencephalogram, the most 
useful concepts may be William James' 'passive and active attention' and Sokolov's 
'orientation reaction (O.R.)'. 
Passive attention of William James lays emphasis on the character of stimulus and 
is called for by the intrinsic properties of stimulation. Active attention, on the other 
hand, stresses the aspects of responders and properties extrinsic to the stimulus, such 
as intention or instruction. 
Sokolov hypothesized a cortical neural model and described O.R. as the manifesta-
tion of paying attention to the stimuli when it was judged that its information does 
not match with the neural model. 
According to him, the function of O.R. is the registering of new informations of the 
outer world. This theory seems to explain an aspect of James' passive attention. 
On the other hand, many investigators suggested that the late components of the 
evoked potentials were related to coguitive processes, in particular selective attention. 
In recent years, it has been remarked that the positive component at about 300 ms. 
latency (P3, P300, N2-P3) expresses some part of attention process. Since Sutton 
(1965) found that P3 was enhanced when the stimulus unpredictability was increased, 
many variables that have effects on the P3 component have been supposed, among 
these there are 'information delivery' (Sutton, 1967), 'stimulus task relevance' (Donchin, 
1976) 'criterion level' (Mast, 1968), 'orientation reaction' (Ritter, 1968), 'non-specific 
arousal' (Hartley, 1970), 'subjective probability' (Weinberg, 1970; Roth, 1973), 'deci-
sion and confidence of stimulus occurrence' (Hillyard, 1971), 'preparatory set and reactive 
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change' (Karlin, 1970), 'resolution of uncertainty' (Hirsh, 1971), 'stimulus salience' 
(Paul, 1972), and 'generalized arousal' (Naatanen, 1975). 
All of these studies, except a few (Naatanen, 1975; Karlin, 1970), suggest that the 
P3 (N2-P3) component is related to the cognitive process including attention. 
(Especially, Klinke ( 1968) found that the large potentials were elicited without the 
presence of physical stimuli.) They agree that these late components not only manifest 
the general arousal change, but also express the cognitive process of subjects, which 
develops in relation to the stimuli. 
But in these studies few explicit references are made to different aspects of 
attention, although they deal with "attentional processes' or 'cognitive processes' in 
which attention plays the most principal parts. So it will be adequate to reexmaine 
these experiments in terms of James' passive and active attention. 
From this view-point, most studies mentioned above are classified into two 
groups. One group is the studies, in which the P3 component is related to the acute 
change of non-attend stimulus train (Ritter, 1968; Roth, 1973; Klinke, 1968). 
These experiments show that unexpected pitch shift or randomized omission of 
one stimulus of the expected stimulus train elicits larger P3 amplitude than that 
elicited by a standard tone. It can safely be said that they have to do with the pas-
sive attention. 
The other group consists of the studies using vigilance techniques, in which the 
enhancement of the P3 component is defined by the presence of a target signal (Smith, 
1970; Hillyard, 1971; Sutton, 1965). In these experiments, subjects were asked to 
respond to or to count the signal as soon as it occurs, so the signal is called task 
relevant stimulus. Attention to the task relevant stimulus may come into the 
category of active attention. 
These two processes of passive and active attention are functionally different from 
each other and their structural (physiological) mechanisms are said to be different from 
each other (Pribram, 1975). For example, Germana (1968) argues that both "What is 
it" response and "What is to be done" response underlie exploratory behaviors, and the 
former is followed by the latter. Since these two responses correspond to the passive 
and active attention respectively, it is suggested that the passive attention is 
antecedent to active attention. 
In the present study, starting from the premise of the successive relationship of the 
passive and active attention, it was investigated if these two different attention 
processes might influence the P3 component differently. Auditory quadruple time 
pattern was used as stimuli and the intensity of one of the four tones was randomly 
changed. In one session, the subject was not informed on the intensity shift, so the 
changed tone should attract passive attention, and in other session, the changed 
stimulus was task relevant, so the subject should attend actively to it, and the 
differences of N2-P3 components between these two conditions was investigated. 
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METHOD 
Subjects: Twelve normal young adults (seven males and five females, averaged 
age 22.4 yrs.) served as subjects, five for Exp. I and seven for Exp. II. Most of these 
subjects had never participated in any evoked potential experiments, but they were 
familiar with psychological experiments. 
Recording system: Evoked potentials to tone bursts were recorded from vertex. 
The left ear lobe was the reference. The vertical electro-oculogram was also 
recorded and averaged in all subjects so that contamination from ocular artifacts 
could be ruled out. Potentials were amplified with Nihon Kohden ME132D and 
recorded by SDR41 magnetically for ofHine analysis. Evoked response recording 
began with the onset of each stimulus and continued for 1000 ms. 
Data collection: Response averaging was controlled by Nihon Kohden Medical Data 
Processing Oomputer ATA0402 for 40 times averaging. 
Experiment I: Passive reception of standard stimuli. 
Stimuli: Standard auditory quadruple time patterns were delivered with the 
use of Izumi program timer, Rion audiometer AA34 and Trio amplifier KA5002 
through the loud speaker 1 meter behind the subject. Each auditory quadruple time 
pattern consisted of 75db, 1000Hz pure tone as the first tone and 40db, 1000Hz pure 
tone as the rest three tones. Duration of these tones was 200 ms. and their interval was 
800 ms. (See Fig. 1) 
(once per 1 -10) (once per 5 -15) A!' or A2' 
A!' or A2' 
Exp.II 
Fig. 1. Auditory quadruple time pattern and intensity shift in Exp. I and Exp. II. 
Procedure: The subject was seated on a reclining chair in an electrically shielded, 
sound-proofed chamber and was instructed to close his eyes and to reduce his bodily 
movements as possible. The experiment was divided into three sessions. 
i) First session: Standard auditory quadruple time patterns were presented 
60-80 times repeatedly. Subject was instructed to sit on the chair silently and was told 
that he did not have to pay attention to the tones. (The first tone of the four beat 
pattern is called S1.) 
ii) Second session: The intensity of the third tone of the four tones was 
randomly (once per 5-15 times) shifted to the same intensity (75db) as the first tone. 
(This intensity shifted tone was called AI.) There was no interruption in these two 
sessions, so subjects retained their 'passive' attitude. 
iii) Third session: After one minute's rest at the end of the second session, the 
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third session began. The intensity shift of third tone occurred at the same rate as the 
second session, but in this session, subject is asked to press the key as fast as possible 
as soon as he received the intensity shifted tone, in order to let him attend actively 
to the one. (This intensity shifted tone is called A2.) (see Fig. 1) In Exp. I, the first 
tone of each four beat pattern (Sl) and the intensity shifted tone of the second session 
(AI) were hypothesized to attract passive attention. And the intensity shifted tone 
which requreid response in the third session (A2) was hypothesized to attract active 
attention. In this way, it was investigated if these two different attentional processes 
would influence N2-P3 components of the evoked potentials differently. 
Experiment II: Active reception of standard stimuli. 
Stimuli: Stimuli were the same as those used in Exp. 1. 
Procedure: As in Exp, I, repetitive auditory quadruple time patterns were 
given. But in this experiment, fast key press or counting to the first tone was 
required to make the subject attend to the standard tones. (First tones of these four 
beat patterns of each session were called Sl', S2' and S3' respectively.) Further in 
Exp. II, the occurrence probability and the position of the intensity shifted tone were 
changed. In Exp. I, the occurrence probability of the intensity shifted tone was once 
per 5-15 four beat patterns and the position was constantly the third of the four tones. 
In Exp. II, the probability was once per 1-10 repetitions and the intensity shift 
occurred randomly among the second-fourth tones. (These intensity shifted tones 
are called AI' and A2' in the second and thrid session respectively.) 
In this way, the relationship of passive and active attention in active reception 
of standard stimuli was investigated. That is, it was examined 1) if the passive atten-
tion would be excited when the active attention is retained and 2) if further active 
attention would be aroused when some active attention is already kept. 
RESULTS 
Experiment I: Passive reception of standard stimuli. 
The typical response was composed of a negative deflection (N1; 80-100ms.) 
followed by a positive deflection (P2; 140-190 ms.), another negative deflection (N2; 
150-220 ms.) and a final positive deflection (P3) which ranged from 220 ms. to 400 ms. 
i) Amplitude change: The evoked potentials to Sl, Al and A2 were recorded. 
The averaged amplitudes of the late components (N2-P3 peak to peak method was 
used, as the baseline was not determined at prestimulus level because of the stimulation 
techniques) to these tones are shown in Fig. 2. 
Though these stimuli were physically equal, the amplitudes of the evoked potentials 
to these stimuli differed from one another. In the first session, when the first tone (Sl) 
was received passively, the amplitude of N2-P3 components to Sl was the smallest 
(15.7 flv). In the second session, when the intensity of the thrid tone was randomly 
enhanced (AI), it elicited larger N2-P3 amplitude (21.2 flv), and in the third session, 
intensity changed tone which required response (A2) elicited the largest N2-P3 amplitude 
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Nl P2 N2 P3 (camp) 
Fig. 2 Amplitude change of evoked potential at SI, Al and A2. 
(37.4 fiN). The difference of amplitudes of N2-P3 components between the evoked 
potentials to 81 and A2 was significant (p<0.05). In contrast, it was shown that 
there was no difference in the amplitudes of P1-N1, N1-P2, and P2-N2 among these 
three sessions (Fig. 2). 
ii) Latency change: The averaged latency change of P3 component was shown in 
Fig. 3. 
(ms.) 
400 
350 
300 
250 
SI Al A2 
Fig. 3 Latency change of evoked potential components at SI, Al and A2. 
Like the change of amplitude, the latency of P3 component was the shortest at 81 
(263 ms.), intermediate at Al (307 ms.) and the longest at A2 (326 ms.), that is, 
although not significant, the latency increased monotonously as sessions proceeded. 
Experiment II: Active reception of standard stimuli. 
The typical evoked potential components seen in Exp. II were almost equal to 
those seen in Exp. 1. 
i) Amplitude change: The evoked potentials to 81', 82', 83' and Al' A2', were 
recorded. The averaged amplitudes of the late components (N2-P3) and earlier 
components to 81', AI' and A2' were shown in Fig. 4. 
Like the result of Exp. I, A2' elicited the largest N2-P3 amplitude (30.8 {tv), but 
in contrast to Exp. I, 81' elicited a little larger N2-P3 amplitude (20.8 {tV) than Al' 
did (18.6 {tv). The amplitudes of earlier components did not show any significant 
differences among three sessions. 
In Fig. 5, N2-P3 amplitudes elicited by 81', 82', 83', AI' and A2' are shown. This 
result shows that no differences in amplitude of late components were found among 
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Fig. 5 
Fig. 4. Amplitude change of evoked potential components at SI', AI' and A2'. 
Fig. 5. Amplitude change of N2-P3 component at SI', S2', S3', AI' and A2'. 
evoked potentials to 81', 82', 83' and AI'. Only A2' elicited larger amplitude of N2-
P3. (A2' elicited significantly larger N2-P3 amplitude than 82' did.) 
In conclusion, in the condition of active reception of standard tone, only the 
response requiring, intensity changed tone (A2') elicited larger N2-P3 amplitude, and 
the intensity changed tone without request of response (AI') did not enlarge N2-P3 
amplitude more than response requiring standard first tones (81', 82' and 83'). 
ii) Latency change: In Fig. 6, the average latencies of the P3 components 
were shown. The latency of the P3 component was the shortest at the evoked potential 
to 82' (238ms.) and the longest at A2' (351ms.). P3 latency at AI' (305ms.) was 
longer than that at 81' (253ms.) or at 83' (261ms.), but these were all shorter than the 
latency at A2', and the latency of P3 component at A2' was significantly longer than 
those at 81', 82', and 83' (p<O.05). 
(ms.) 
400 
350 J 300 250 
200 
S1' S2' S3' A1' A2' 
Fig. 6 Latency change of P3 component at SI', S2', S3', AI' and A2'. 
DISCUSSION 
At the beginning of the present paper, it was hypothesized that two different 
functions operate on N2-P3 components, i.e., passive attention or O.R. and active 
attention. Our overall results seem to support this hypothesis, showing that the 
amplitude and latency of N2-P3 components to Al and AI', which were expected to 
induce passive attention, differed from those to A2 and A2', which were supposed to 
arouse active attention. 
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In Exp. I, the amplitude of N2-P3 components increased as the session progressed, 
that is, Al elicited a larger amplitude than Sl, and A2 than AI. 
It has been already known that the late positive component is enhanced by sudden 
change introduced in some predictable features of stimulus train; e.g., unpredictably 
pitch changed tone (Ritter, 1968), stimulus unpredictability (Tueting, 1970), low 
probability signal (Roth, 1973; Squires, 1975), and mismatch tone (Ford, 1975). Thus, 
the result that Al elicited larger N2-P3 components than Sl did, endorses the 
previous findings that the unpredictable stimulus occurrence enhanced the amplitude of 
late components. And judging from the nature of stimulus AI, it is interpreted that 
the enhancement of N2-P3 components indicates the occurrence of O.R. or James' 
passive attention. 
A2, task relevant stimulus which required response, elicited the largest N2-P3 
amplitude. This result is consistent with the observation that the increase of the 
amplitude of P3 component was brought about by the stimulus task relevance 
(Donchin, 1967; Scheatz, 1969; Hartley, 1970; Smith, 1970; Poon, 1974; Squires, 1975), 
decision or confidence of stimulus occurrence (Hillyard, 1970), and response set (Harter, 
1972; Hillyard, 1973). As A2 is expected to arouse the active attention, it can be said 
that the active attention also enhances the N2-P3 amplitude and that the enhancement 
is larger than in the case of passive attention. So, in Exp. I, it is suggested that 
these N2-P3 components represent both passive attention and active one. 
In Exp. II, as in Exp. I, intensity shifted stimulus A2', to which response was 
required, elicited the largest N2-P3 amplitude. The response was also required for Sl', 
S2' and S3', but these stimuli elicited smaller N2-P3 amplitudes compared with A2'. 
So, in this case, the task relevance character of Sl', S2', and S3' seems not to have 
positively affected the N2-P3 amplitude. This may be explained as follows. As to the 
first beat of the auditory quadruple time pattern, the subject could always predict the 
occurrence of it, and the risk of misjudge would be much smaller (Sutton, 1965). Even 
the imposed task might not have required so much mental effort or attention as in the 
case of unpredictable A2'. 
Donchin (1973) revealed that when the key-press response was required for the 
tone, the amplitudes of P3 components to these tones were almost equal even though 
the tones had demanded different mental effort, and concluded that the stimulus 
unpredictability was not any major determinant of P3 amplitude. But in the present 
study, there appeared significant difference between N2-P3 amplitudes to the three 
stimuli Sl', S2', S3' and to A2'. This suggests that the N2-P3 components elicited by 
A2' was determined not only by the stimulus task relevance, but also by the stimulus 
occurrence probability. 
As to the results that N2-P3 amplitude to AI' was almost equal to those of Sl', S2' 
and S3', it may be appropriate to assume that the processes of habituation or inhibition 
functioned. In Exp. II, the occurrence probability of AI' was about two times that 
of Al in Exp. 1. It is well known that the increment of occurrence probability 
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decreases the amplitude of the late components (Tueting, 1970). So the passive 
attention to AI' might have been habituated as the occurrence probability increased. 
This may be explained in terms of inhibition as well. That is, the response to the 
first beat might have strengthened the neural quadruple model, and inhibited the 
occurrence of the orienting response to AI'. 
As stated before, the occurrence positions of AI' were scattered at random from 
the second to fourth position in four beat pattern. Although occurrence probability 
increased, the positional change would have attracted the passive attention. But AI' 
did not enhance N2-P3 amplitude. So, it is plausible to suppose this inhibitional 
process operated. 
In brief, in Exp. II, the N2-P3 components elicited by AI' seems to be related to 
passive attention and that elicited by A2' seems to be related to the stimulus probability 
(passive attention) and task relevance (active attention). Further, it can be said that 
in the active attention condition, passive attention is likely to be inhibited by active 
attention. The smaller N2-P3 amplitude at AI' seems to show that the interposed 
stimulus which does not require responses loses the distracting effect when there is 
another response-requiring stimulus (Sl', S2' and S3'). But when the interposed 
stimulus required response (A2'), it extracts passive and active attention successively. 
In Fig. 3 and 6, it is noticed that there are large deviations among the latencies 
of P3 components. And in both two experiments, the latency increased as session 
progressed. Particularly in Exp. II, the P3 latency at the first beat in all sessions (Sl', 
S2', S3') were significantly shorter than that of A2', and although not significant, P3 
latency at A2' was also longer than at AI'. 
Many investigators found P3 latency between at 200ms. and 600ms., and 
suggested that this latency should be a function of cognitive processing or task difficulty 
(Friedman, 1975). Recently, Squires (1975) found two types of P3 waves, the P3a and 
P3b, and suggested that they should be dependent on the stimulus probability and the 
task. He discriminated these two types by the difference of latency (P3a: 240ms., 
P3b: 350ms.) and the scalp topography. Though the difference of topography was 
not investigated in this study, the result that the task relevant A2 or A2' elicited 
longer latency P3 components than Al or AI' did, supports Squires' suggestion. As 
to the amplitude, Squires did not find any differences between P3a and P3b. In the 
present study, however, longer latency P3 components (A2, A2') had larger amplitude 
than those of shorter latency (AI, AI'). More precise investigation should be needed 
about the implications of the N2 component. (N2 component is often related to lower 
arousal, but in Exp. II of this study, it seems that higher arousal was maintained, 
so this is not the case.) 
Ritter (1972) found that the P3 latency exceeds the reaction time, so it should be 
noted that the decision or confidence about the occurrence of the stimuli (Hillyard, 
1971) or matching effect (Klinke, 1968) itself can not simply be reflected to these late 
components. But juging from the result of this experiment, these N2-P3 components 
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seem to be based on passive and active attention. So, it should be better to consider 
the effects of arousal change which coincides with these attentional processes. 
That is, when the stimulus is predictable, only the matching system with the 
neural model is activated even if the response was required to it (Sl'), so the 
processing time is short and arousal during this processing is low, thus the reactive 
change (Karlin, 1970) might be small. 
When the distracting stimulus without requirement of response is interposed (AI'), 
it increases the processing time by activating the mismatch system and elicits higher 
arousal. The response requiring distracting stimulus (A2') activates the match-mismatch 
system and motor action system, so the processing time is the longest and coinciding 
arousal is the highest. Thus the reactive change occurs with the longest latency and the 
largest amplitude. 
In this way, the late components, especially P3, seem to be dependent on passive 
and active attention and on the reactive change of arousal which coincides with these 
attentional processes. 
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